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ABSTRACT
INTRODUCTION: Appendicitis is an inflammation of the appendix that may lead to an abscess, ileus, peritonitis, or death if untreated. Ap-
pendicitis is the most common abdominal surgical emergency. The current standard treatment of uncomplicated appendicitis is usually
surgery, but there has been increasing evidence published on the use of antibiotics. METHODS AND OUTCOMES: We conducted a sys-
tematic review and aimed to answer the following clinical question: What are the effects of surgery compared with antibiotics for acute ap-
pendicitis? We searched: Medline, Embase, The Cochrane Library, and other important databases up to May 2014 (Clinical Evidence reviews
are updated periodically; please check our website for the most up-to-date version of this review). We included harms alerts from relevant
organisations such as the US Food and Drug Administration (FDA) and the UK Medicines and Healthcare products Regulatory Agency
(MHRA). RESULTS: We found four studies that met our inclusion criteria. We performed a GRADE evaluation of the quality of evidence
for interventions. CONCLUSIONS: In this systematic review we present information relating to the effectiveness and safety of surgery (in-
cluding laparoscopic and open appendicectomy) compared with antibiotics.

QUESTIONS

What are the effects of surgery compared with antibiotics for acute appendicitis?. . . . . . . . . . . . . . . . . . . . . . . 3

INTERVENTIONS

SURGERY VERSUS ANTIBIOTICS

 Likely to be beneficial

Surgery versus antibiotics (increased initial treatment
success and decreased recurrence with surgery com-

pared with antibiotics in adults, but may be associated
with some increased complications; we found no good
evidence in children) . . . . . . . . . . . . . . . . . . . . . . . . . 3

Key points

• Appendicitis is inflammation of the appendix that may lead to an abscess, ileus, peritonitis, or death, if untreated.

• Appendicitis is the most common abdominal surgical emergency.

• The current standard treatment for uncomplicated appendicitis is usually surgical removal of the appendix (appen-
dicectomy), but there has been increasing evidence published on the use of antibiotics.

• The evidence comparing surgery with antibiotics is weak and confounded by factors such as inconsistencies with
results and outcomes measured, which makes it difficult to compare these interventions.

• Appendicectomy may be associated with reduced overall treatment failure (including recurrence requiring surgery
within 1 year) in the treatment of adults with acute appendicitis, but may also be associated with an increase in
complications and sick days compared with antibiotics.

We don’t know whether appendicectomy and antibiotics differ with regard to hospital stay, or in improving quality
of life scores.

We found no studies reporting outcomes beyond 1 year, which is a major limitation of the available evidence.

All of the evidence we found was in adults; we found no RCTs in children.

• At present, the weight of evidence does not suggest that antibiotics are superior to surgery for treating appendicitis.

• There is a lack of high-quality RCTs comparing what might be termed optimal current surgical techniques with
optimal current antibiotic regimens. Further trials are currently under way, which may provide further information
on how current surgical techniques compare with current antibiotic regimens when both treatment approaches are
optimised.

Clinical context

DEFINITION Appendicitis is inflammation of the vermiform appendix. Progression of the inflammatory process
can lead to abscess, ileus, peritonitis, or death if untreated. The term 'complicated' appendicitis
refers to the presence of gangrene or perforation of the appendix. Free perforation into the peritoneal
cavity can lead to purulent or faeculent peritonitis. A contained perforation can lead to appendix
abscess or phlegmon (inflammatory mass).

INCIDENCE/
PREVALENCE

Appendicitis is the most common abdominal surgical emergency. The reported lifetime risk of ap-
pendicitis in the US is 8.6% in men and 6.7% in women, [1]  with an annual incidence of 9.38 per
100,000. [2]  In the US, it is estimated that around 326,000 operations for appendicitis were performed
in 2007. [3]  In the UK, around 42,000 to 47,000 operations for appendicitis were performed yearly
between 2007 and 2012. [4]  Large studies from the UK and US have shown that complicated ap-
pendicitis is found at surgery in around 16.5% to 24.4% of cases. [5] [6]
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AETIOLOGY/
RISK FACTORS

The cause of appendicitis is uncertain, although various theories exist. The predominant theories
centre on luminal obstruction of the blind-ending appendix as the primary pathology. When goblet
cell secretions are blocked from escaping by the luminal obstruction, the intra-luminal pressure
within the appendix increases and leads to ischaemia of the appendix wall. The translocation of
bacteria from the lumen across the compromised mucosa causes transmural inflammation. Ongoing
tissue ischaemia and inflammation can then lead to infarction and perforation of the appendix
(complicated appendicitis). Free perforation will lead to soiling of the intra-peritoneal cavity with
pus or faeces. A perforation can also be enclosed by the surrounding soft tissues (omentum,
mesentery, or bowel), thus leading to the development of an inflammatory mass.This inflammatory
mass may contain pus (abscess) or it may not (phlegmon). There is some debate as to whether
perforated appendicitis is a disease process distinct from uncomplicated appendicitis. [7] [8]  Hyper-
plasia of the lymphoid tissue in the mucosa or submucosa has been posited as the most common
mechanism causing obstruction of the appendix lumen. This may present with acute catarrhal ap-
pendicitis, with a gradual onset of symptoms. Lymphoid hyperplasia may be caused by infections
(bacterial, viral, fungal, parasitic) or by inflammation, such as in inflammatory bowel disease. Other,
rarer causes of obstruction may include parasites (more common in developing countries), fibrous
bands, foreign bodies, or carcinoid and caecal carcinoma. [9]  A more abrupt course of symptoms
has been described in acute obstructive appendicitis from faecoliths.

PROGNOSIS The prognosis of untreated appendicitis is unknown, since RCTs comparing treatment with no
treatment would be unethical. Spontaneous resolution rate of radiologically confirmed appendicitis
has been reported to range from around 4% to 20%. [10]  However, spontaneous resolution and
recurrence of appendicitis (the 'grumbling appendix') [11] [12]  remains a contentious issue among
surgeons.The current standard treatment for uncomplicated appendicitis is usually surgical removal
of the appendix (appendicectomy) to prevent potential complications from untreated appendicitis.
There has been increasing evidence published on the use of antibiotics. [13] [14] [15]  Surgical
treatment is performed either through an incision (open appendicectomy) or using keyhole surgery
(laparoscopic appendicectomy). One systematic review found that wound infection was less likely
with laparoscopic appendicectomy compared with open appendicectomy (OR 0.43, CI 0.34 to
0.54), but intra-abdominal abscess formation was more likely with laparoscopic appendicectomy
(OR 1.87, CI 1.19 to 2.93). [16] The incidences of both wound infection and abscess formation appear
to be higher in complicated appendicitis. [6]  A perforated appendix in childhood does not seem to
have subsequent negative consequences for female fertility. [17]

AIMS OF
INTERVENTION

To resolve acute symptoms (e.g., pain) with minimal adverse effects; to prevent the need for surgery
(after antibiotics); to prevent postoperative complications, such as wound infection (after surgery);
to shorten hospital stay; and to hasten return to normal activity.

OUTCOMES Treatment success discharge from hospital without surgery (for antibiotics), post-treatment com-
plications (e.g., wound infection from surgery; and perforation and peritonitis from antibiotics),
treatment failure; mortality from appendicitis; length of hospital stay; return to normal activities
(including sick leave days); quality of life; and adverse effects (including recurrence).

METHODS Clinical Evidence search and appraisal May 2014. The following databases were used to identify
studies for this systematic review: Medline 1966 to May 2014, Embase 1980 to May 2014, and
The Cochrane Database of Systematic Reviews 2014, issue 4 (1966 to date of issue). Additional
searches were carried out in the Database of Abstracts of Reviews of Effects (DARE) and the
Health Technology Assessment (HTA) database. We also searched for retractions of studies in-
cluded in the review. Titles and abstracts identified by the initial search, run by an information
specialist, were first assessed against predefined criteria by an evidence scanner. Full texts for
potentially relevant studies were then assessed against predefined criteria by an evidence analyst.
Studies selected for inclusion were discussed with an expert contributor. All data relevant to the
review were then extracted by an evidence analyst. Study design criteria for inclusion in this review
were: published RCTs and systematic reviews of RCTs in the English language, at least single-
blinded (where possible), and containing 20 or more people (10 or more in each arm) with uncom-
plicated acute appendicitis or appendix abscess (excluding perforated appendicitis), of whom more
than 80% were followed up. There was no minimum length of follow-up. We excluded all studies
described as 'open', 'open label', or not blinded unless blinding was impossible.We included RCTs
and systematic reviews of RCTs where harms of an included intervention were assessed, applying
the same study design criteria for inclusion as we did for benefits. All serious adverse effects or
those adverse effects that are reported as statistically significant were data extracted for inclusion
in the harms table of the review. Pre-specified adverse effects identified as being clinically important
were reported, even if the results were not statistically significant. In addition, we use a regular
surveillance protocol to capture harms alerts from organisations such as the FDA and the MHRA
that are added to the reviews as required. To aid readability of the numerical data in our reviews,
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we round many percentages to the nearest whole number. Readers should be aware of this when
relating percentages to summary statistics such as RRs and ORs. We have performed a GRADE
evaluation of the quality of evidence for interventions included in this review (see table, p 11 ). The
categorisation of the quality of the evidence (high, moderate, low, or very low) reflects the quality
of evidence available for our chosen outcomes in our defined populations of interest. These cate-
gorisations are not necessarily a reflection of the overall methodological quality of any individual
study, because the Clinical Evidence population and outcome of choice may represent only a small
subset of the total outcomes reported, and population included, in any individual trial. For further
details of how we perform the GRADE evaluation and the scoring system we use, please see our
website (www.clinicalevidence.com).

QUESTION What are the effects of surgery compared with antibiotics for acute appendicitis?

OPTION SURGERY VERSUS ANTIBIOTICS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

• For GRADE evaluation of interventions for Appendicitis, see table, p 11 .

• The evidence comparing surgery with antibiotics is weak and confounded by factors such as inconsistencies
with results and outcomes measured, which makes it difficult to compare these interventions.

• Appendicectomy may be associated with reduced overall treatment failure (including recurrence requiring surgery
within 1 year) in the treatment of adults with acute appendicitis, but may also be associated with an increase in
complications and sick days compared with antibiotics.

• We don’t know whether appendicectomy and antibiotics differ in effectiveness at reducing length of hospital stay
or in improving quality of life scores.

• We found no RCTs reporting outcomes beyond 1 year, which is a major limitation of the available evidence, and
we found no evidence in children.

• In general, it was unclear from the RCTs whether people in the surgical group also received antibiotic treatment
and there was no comparison of current optimal therapies.

• The specific appendicectomy technique used in the RCTs was either not reported or reported as at the surgeon’s
discretion (open or laparoscopic). The reviews did not perform a subgroup analysis based on the surgical tech-
niques used.

Benefits and harms

Surgery versus antibiotics:
We found three systematic reviews (each with a search date of 2011). [13] [14] [15] The three reviews reported many
of the same RCTs, but in different combinations (see Further information on studies). Each review reported a syn-
thesis of different outcome measures and came to different conclusions; therefore, we have reported all three reviews
here to cover the full spectrum of evidence.

-

Treatment success
Surgery compared with antibiotics Appendicectomy may be more effective than antibiotics at reducing treatment
failure including recurrence at up to 1 year, but may be less effective at reducing some complications in adults with
uncomplicated acute appendicitis. However, the evidence is weak and results varied by outcome measured (very
low-quality evidence).

Favours
Effect
size

Results and statistical
analysisOutcome, InterventionsPopulation

Ref
(type)

Treatment success

Not significant

OR 2.43

95% CI 0.94 to 6.33

Initial treatment failure (antibi-
otic: failure to achieve definite
improvement without the need
for surgery and hospital dis-

Adults with acute
uncomplicated ap-
pendicitis (no ab-
scess or phleg-
mon)

[15]

Systematic
review

P = 0.07

Significant heterogeneity:
I² = 69%, P = 0.01

charge without an operation;
appendicectomy: failure to
achieve pathologically con-
firmed appendicitis after

5 RCTs in this
analysis

Heterogeneity not further ex-
plainedsurgery or another surgical in-

dication for operation)

40/470 (9%) with appendicecto-
my

137/510 (27%) with antibiotics
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Favours
Effect
size

Results and statistical
analysisOutcome, InterventionsPopulation

Ref
(type)

appendicectomy

OR 6.72

95% CI 3.48 to 12.99

Overall treatment failure (initial
treatment failure plus anyone
in the antibiotic group requir-
ing appendicectomy because
of recurrence) , up to 1 year

Adults with suspect-
ed acute uncompli-
cated appendicitis
(no abscess or
phlegmon)

[15]

Systematic
review

P <0.00001

40/470 (9%) with appendicecto-
my

5 RCTs in this
analysis

205/510 (40%) with antibiotics

antibiotics

OR 0.54

95% CI 0.37 to 0.78

Overall complications (e.g.,
surgical site infection, organ
space infection, small bowel
obstruction, other)

Adults with acute
uncomplicated ap-
pendicitis (no ab-
scess or phleg-
mon)

[15]

Systematic
review

P = 0.001

60/510 (12%) with antibiotics
5 RCTs in this
analysis 83/470 (18%) with appendicecto-

my

The review pooled data for each
group and calculated 95% CI

Mean cure (within 2 weeks [free
of symptoms such as abdomi-
nal pain, fever, inflammatory

Mainly adults,
mean age 28.2
years (range

[13]

Systematic
review Appendicectomy: 97% (95% CI

94% to 99%)
parameters] and without major
complication [including recur-
rence] within 1 year)

13–75 years), sus-
pected acute ap-
pendicitis based on
disease history,

Antibiotics: 73% (95% CI 63% to
82%)97% with appendicectomyclinical status, and

laboratory findings Mean cure rates were higher with
appendicectomy, but the review

73% with antibiotics

5 RCTs in this
analysis

did not report a between-group P
value

Absolute numbers not reported

486 people in analysis of appen-
dicectomy; 415 people in analysis
of antibiotics

The review pooled data for each
group and calculated 95% CI

No major complications (includ-
ing the need for further [inva-
sive] treatment or prolonged

Mainly adults,
mean age 28.2
years (range

[13]

Systematic
review Appendicectomy: 97% (95% CI

93% to 99%)
admission [e.g., abscesses,
ileus, deep wound infection,
recurrence, re-operation, sec-
ondary perforation])

13–75 years), sus-
pected acute ap-
pendicitis based on
disease history,
clinical status, and
laboratory findings

Antibiotics: 83% (95% CI 72% to
91%)

Proportion of people with no ma-
jor complications was higher with

97% with appendicectomy

83% with antibiotics5 RCTs in this
analysis

appendicectomy, but the review
did not report a between-group P
value

Absolute numbers not reported

486 people in analysis of appen-
dicectomy; 415 people in analysis
of antibiotics

The review pooled data for each
group and calculated 95% CI

No minor complications (e.g.,
superficial wound infections,
negative appendix at histology

Mainly adults,
mean age 28.2
years (range

[13]

Systematic
review Appendicectomy: 91% (95% CI

83% to 96%)
[no appendicitis], diarrhoea,
urinary tract infection)

13–75 years), sus-
pected acute ap-
pendicitis based on Antibiotics: 96% (95% CI 93% to

97%)
91% with appendicectomy

96% with antibiotics
disease history,
clinical status, and
laboratory findings Proportion of people with no mi-

nor complications was higher withAbsolute numbers not reported
5 RCTs in this
analysis

antibiotics, but the review did not
report a between-group P value486 people in analysis of appen-

dicectomy; 415 people in analysis
of antibiotics

antibiotics

RR 0.69

95% CI 0.54 to 0.89

Complications (antibiotics:
perforated or gangrenous ap-
pendix, peritonitis, or wound
infection [in people who failed

Adults with a diag-
nosis of uncompli-
cated acute appen-
dicitis

[14]

Systematic
review

P = 0.004
antibiotics and had appendicec-

Analysis included
4 RCTs with well-

tomy subsequently]; appen-
dicectomy: perforated appen-

defined diagnostic dicitis, peritonitis, or wound
infection)
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Favours
Effect
size

Results and statistical
analysisOutcome, InterventionsPopulation

Ref
(type)

84/470 (18%) with antibioticsor treatment proto-
cols

108/430 (25%) with appendicec-
tomy

Not significant

RR 0.46

95% CI 0.19 to 1.12

Risk of complicated appendici-
tis

54/470 (11%) with antibiotics

Adults with a diag-
nosis of uncompli-
cated acute appen-
dicitis

[14]

Systematic
review

P = 0.09
131/430 (31%) with appendicec-
tomy

Analysis included
4 RCTs with well-
defined diagnostic

Significant heterogeneity:
I² = 82%, P <0.001

A sensitivity analysis removing 1
RCT with high crossover found a

Full definition of what was includ-
ed or excluded under this out-
come not reported

or treatment proto-
cols

similar result, but there was still
significant heterogeneity among
groups (RR 0.58, 95% CI 0.18 to
1.90; I² = 74%)

-

Mortality (from appendicitis)
Surgery compared with antibiotics We don’t know whether appendicectomy and antibiotics differ in effectiveness at
reducing mortality from appendicitis in adults with uncomplicated acute appendicitis (very low-quality evidence).

Favours
Effect
size

Results and statistical
analysisOutcome, InterventionsPopulation

Ref
(type)

Mortality

MortalityAdults with acute
uncomplicated ap-

[15]

Systematic
review

with antibiotics

with appendicectomy
pendicitis (no ab-
scess or phleg-
mon)

Review stated that no deaths
were reported in any of the stud-
ies

5 RCTs in this
analysis

-

No data from the following reference on this outcome. [13] [14]

-

Length of hospital stay
Surgery compared with antibiotics We don’t know whether appendicectomy and antibiotics differ in effectiveness at
reducing length of hospital stay in adults with uncomplicated acute appendicitis (very low-quality evidence).

Favours
Effect
size

Results and statistical
analysisOutcome, InterventionsPopulation

Ref
(type)

Length of hospital stay

appendicectomy

Mean difference 0.66 days

95% CI 0.44 days to 0.87 days

Duration of hospital stay , days

with antibiotics

Mainly adults,
mean age 28.2
years (range
13–75 years), sus-

[13]

Systematic
review

P <0.0001with appendicectomy
pected acute ap-

1 RCT in the review was not in-
cluded in the analysis; the review

821 people in this analysispendicitis based on
disease history,

reported this was based on visualclinical status, and
laboratory findings inspection, but did not report any

further reason for its exclusion
4 RCTs in this
analysis

Not significant

Mean difference +0.20 days

95% CI –0.16 days to +0.87 days

Length of primary hospital
stay, days (antibiotics: days of
admission for people treated
with antibiotics and discharged

Adults with a diag-
nosis of uncompli-
cated acute appen-
dicitis

[14]

Systematic
review

P = 0.29
with antibiotics; appendicecto-

Analysis included
4 RCTs with well

my: days of admission for
people treated with appendicec-

defined-diagnostic
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Favours
Effect
size

Results and statistical
analysisOutcome, InterventionsPopulation

Ref
(type)

or treatment proto-
cols

tomy and discharged with fur-
ther follow-up)

with antibiotics

with appendicectomy

900 people in this analysis

Not significant

Mean difference +0.34 days

95% CI –0.06 days to +0.73 days

Length of hospital stay , days

with antibiotics

Adults with acute
uncomplicated ap-
pendicitis (no ab-
scess or phleg-
mon)

[15]

Systematic
review

P = 0.09with appendicectomy

980 people in this analysis
5 RCTs in this
analysis

-

Return to normal activities
Surgery compared with antibiotics Antibiotics may be more effective than appendicectomy at reducing the duration
of sick leave or disability in adults with uncomplicated acute appendicitis. However, results vary based on the analysis
performed (very low-quality evidence).

Favours
Effect
size

Results and statistical
analysisOutcome, InterventionsPopulation

Ref
(type)

Sick leave days

Not significant

Mean difference –0.69 days

95% CI –1.65 days to +0.27 days

Duration of sick leave , days

with antibiotics

Mainly adults,
mean age 28.2
years (range
13–75 years), sus-

[13]

Systematic
review

with appendicectomy
pected acute ap-

491 people in this analysispendicitis based on
disease history,
clinical status, and
laboratory findings

2 RCTs in this
analysis

antibiotics

Standard mean difference –0.19

95% CI –0.06 to –0.33

Duration of sick leave or dis-
ability

with antibiotics

Adults with acute
uncomplicated ap-
pendicitis (no ab-
scess or phleg-
mon)

[15]

Systematic
review

P = 0.005
with appendicectomy

3 RCTs in this
analysis

860 people in this analysis

-

No data from the following reference on this outcome. [14]

-

Quality of life

-

-

No data from the following reference on this outcome. [13] [14] [15]

-

Adverse effects

-
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Favours
Effect
size

Results and statistical
analysisOutcome, InterventionsPopulation

Ref
(type)

Adverse effects

Adverse effectsMainly adults,
mean age 28.2

[13]

Systematic
review

with antibiotics

with appendicectomy
years (range
13–75 years), sus-
pected acute ap-

The review reported on major and
minor complications (see ‘treat-

pendicitis based on
disease history,

ment success’ outcome). Howev-clinical status, and
laboratory findings er, it did not report individual ad-

verse effects separately

Significance not reportedRe-admissions with recurrence
of symptoms

Adults with a diag-
nosis of uncompli-
cated acute appen-
dicitis

[14]

Systematic
review with antibiotics

with appendicectomyAnalysis included
4 RCTs with well- The review reported that, of 345

people with initial successfuldefined diagnostic
or treatment proto-
cols

treatment with antibiotics: 68
people (20%) were re-admitted
with recurrence of symptoms, of
which 65 had subsequent appen-
dicectomy (9 perforated, 48
phlegmonous, 4 gangrenous, 4
normal)

Recurrence of symptomsAdults with acute
uncomplicated ap-

[15]

Systematic
review

with antibiotics

with appendicectomy
pendicitis (no ab-
scess or phleg-
mon)

The review reported that, in the
5 RCTs, recurrence rates in the5 RCTs in this

analysis antibiotic group were: 7/20 (35%),
16/128 (13%), 14/202 (7%) or
15/119 (13%; per protocol analy-
sis), 4/40 (10%), and 30/120
(25%)

-

-

-

Further information on studies
[13] [14] [15]Comparison of the three systematic reviews: Each of the three reviews reported different outcomes and

came to slightly different conclusions. Hence, we have reported all three reviews.The reviews compared antibi-
otic treatment (any type given intravenously or orally) compared with surgery (including open or laparoscopic
appendicectomy). The first review (5 RCTs, 901 people) included all people with suspected acute appendicitis
at any age. [13] The second review (4 RCTs, 900 people) included adults with uncomplicated acute appendicitis
only, with well-defined diagnostic and treatment protocols. [14]  It excluded two RCTs included in the first review,
citing that one RCT (80 people) had been retracted, and another RCT (290 people) had unclear randomisation.
However, it included one quasi-randomised RCT (369 people) that was excluded from the first review because
of weak methods (allocation by birth date, large cross-over). The quasi-randomised RCT randomised people
by date of birth (odd or even date), and there was substantial cross-over between groups, with 52% of people
completing antibiotics and 92% of people completing surgery, and the rest crossing over to the other intervention.
The second review reported a sensitivity analysis excluding these data. The third review (5 RCTs, 980 people)
included all people with suspected uncomplicated acute appendicitis at any age. [15]  It included all four RCTs
included in the second review, and the retracted RCT that was reported in the first review but excluded in the
second review.

[13] The review reported that the overall quality of the five included RCTs were low to moderate, and the randomi-
sation methods were not well reported.The review noted previous reports that antibiotic prophylaxis was effective
in preventing postoperative complications after appendicectomy. However, only two RCTs mentioned the use
of prophylactic antibiotics with surgery, one RCT did not apply prophylactic antibiotics, and for the other two
RCTs it was unknown. The review reported that none of the RCTs mentioned if people with antibiotics "had an
appendicectomy or were followed up in another hospital other than the research hospital", and highlighted that

© BMJ Publishing Group Ltd 2014. All rights reserved. ........................................................... 7

Appendicitis
D

ig
estive system

 d
iso

rd
ers



this could bias the results. The review included all people with suspected acute appendicitis; therefore, people
with complicated appendicitis may have been included. The age of people in the five RCTs ranged from 13 to
75 years, although four RCTs only included people aged 17 years or older. Participants in the RCTs were
mainly male (73.8%).

[14] The review noted that routine radiological confirmation (ultrasonography, computed tomography [CT]) of the
diagnosis was used in two RCTs, some people had scans in one further RCT, and no scans were undertaken
in one RCT. The latter RCT only included men aged 18 to 50 years. The review performed a sensitivity analysis
excluding one quasi-randomised RCT with large cross-over between groups. Although this affected the point
estimate of results, it did not alter the significance or direction of the pooled results for the outcomes of compli-
cations, length of hospital stay, or risk of complicated appendicitis. It noted that about 1 in 5 people were likely
to be re-admitted after initial successful treatment with antibiotics, and of those who were re-admitted, 1 in 5
may have had complicated appendicitis. It reported that antibiotic treatment was associated with a 63% success
rate at 1 year (277/438 people with antibiotics had no further symptoms at 1 year).

[15] The review found no significant difference between groups in duration of pain (3 RCTs, 688 people, standard
mean difference [SMD] –0.13, 95% CI –0.28 to + 0.03), but found significantly less utilisation of pain medication
in the antibiotic group compared with the appendicectomy group (2 RCTs, 120 people, SMD –1.55, 95% CI
–1.14 to –1.96). The review noted that the quality of the RCTs ranged from poor to fair, and only one study
described withdrawals and dropouts. It noted that, in trials with both a surgical and a non-surgical arm, compar-
isons between treatment groups are inevitably associated with bias for both investigators and participants. The
review noted that optimal antibiotic therapy was not compared with optimal surgical therapy in any of the studies.
The antibiotic combination used in two RCTs had high levels of resistance in Europe, while the surgical technique
used influences morbidity. It reported that none of the studies standardised the technique, and that laparoscopic
appendicectomy, which has been associated with fewer postoperative complications, was the least preferred
technique in four studies. Lastly, it noted that the studies included a high proportion of perforated or gangrenous
appendix (ranging from 5% for perforated to 48% for gangrenous).

-

-

Comment: It is complicated and difficult to compare two different treatment modalities in which benefits and
harms may only occur in one group (for example, postoperative complications and removal of
normal appendix with surgery, and recurrence with antibiotics).

The first review concluded that "appendectomy remains the standard treatment for acute appen-
dicitis. Antibiotic treatment might be used as an alternative treatment in a good quality RCT, or in
certain populations or conditions where surgery is contraindicated". [13] The second review concluded
that "antibiotics are both effective and safe as primary treatment for people with uncomplicated
acute appendicitis. Initial antibiotic treatment merits consideration as a primary treatment option
for early uncomplicated appendicitis". [14] The third review concluded that "non-operative manage-
ment of uncomplicated appendicitis was associated with significantly fewer complications, better
pain control, and shorter sick leave, but overall had inferior efficacy because of the high rate of
recurrence in comparison with appendectomy". [15]

We found one further systematic review (search date 2012, 5 RCTs, 983 people). [18]  However, it
included one RCT (32 people) on late-presenting appendicitis that was not included in the other
three reviews, and omitted one large RCT (243 people) [19]  that was included in the other three
reviews.The reason for exclusion was not stated.The review found no significant difference between
groups in length of hospital stay (5 RCTs, 983 people; weighted mean difference [WMD] +0.01,
95% CI –0.01 to +0.03; significant heterogeneity, I² = 99.9%, P <0.00001) or complications (4
RCTs, 693 people; OR 0.86, 95% CI 0.59 to 1.26). It found a significantly shorter time to work with
antibiotics (2 RCTs, 284 people; WMD –5.20, 95% CI –6.99 to –3.40, P <0.00001) but there was
significant heterogeneity in this result (I² = 98.6%, P <0.00001).

Comments on the clinical applicability of the evidence:
The use of antibiotics to treat appendiceal abscess is well established, [8]  but their use in managing
uncomplicated acute appendicitis is unclear.

Many of the RCTs evaluated in the three systematic reviews were poorly designed, with method-
ological flaws and bias, thus limiting their applicability to clinical practice. Some of the shortcomings
from the RCTs have arisen from their study protocol. For example, the diagnosis of uncomplicated
appendicitis was confirmed by routine CT in only one RCT. [19] The RCTs also used different an-
tibiotics with different modes of delivery and different length of treatment. Ineffective antibiotic
treatment of appendicitis from a short course or community resistance could lead to increased
rates of initial treatment failure. Weaknesses in the study design of the RCTs have also led to po-
tential bias against surgery. For example, the short 1-year follow-up used in the RCTs is problem-
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atic. Recurrence following antibiotic treatment may be underestimated, as appendicitis may recur
beyond 1 year. Furthermore, the RCTs did not discuss postoperative details of surgery for recurrent
appendicitis. A second episode of appendicitis may lead to surgery, which may be more difficult
to perform and lead to more complications.The majority of complications from surgery were reported
from one RCT, [20]  but this study did not separate out the complications based on the type of ap-
pendicectomy technique used (open or laparoscopic). In fact, surgical technique was not reported
or analysed in the RCTs. If open appendicectomy was the predominant procedure used in the
RCTs, this could lead to bias against surgery as laparoscopic appendicectomy has been shown
to provide decreased rates of wound infection, less pain, and a quicker return to work compared
with open appendicectomy. [16]  Furthermore, the use of prophylactic antibiotics with surgery can
lower the rates of postoperative infectious complications, [21]  but this was only reported in two
RCTs.

Despite the methodological flaws and bias of the studies, useful information can still be gleaned
from their findings.The evidence suggests that treating a first episode of uncomplicated appendicitis
with antibiotics may be successful in reducing complications compared with surgery. Antibiotics
may also reduce analgesia requirements, and duration of sick leave and disability, when compared
with surgery. Clinicians should be aware of these results when consenting people to treatment for
appendicitis. People with appendicitis should not be treated with antibiotics without stressing the
possibility of recurrence or treatment failure during the first or subsequent admission, requiring
surgery. If antibiotics are considered for the primary management of uncomplicated acute appen-
dicitis, this diagnosis must first be confirmed by CT scan to assist in excluding complicated appen-
dicitis and/or other diagnoses, such as cancer. [22]

Clinical guide:
Until better-quality evidence is available from further trials, the current evidence does not support
a change of practice to medical management of uncomplicated appendicitis. Ongoing trials com-
paring antibiotic treatment versus appendicectomy are being carried out in Finland (APPAC), Italy
(ASAA), Holland (APAC), and the US (Appy-PAT). [23]

GLOSSARY
Negative appendix at histology Term used to describe an appendix that has been surgically removed as a result
of suspected appendicitis, but is then found to be normal on histological evaluation.

Phlegmon Inflammatory, soft tissue mass (often palpable) enclosing an inflamed appendix with no drainable pus.

Uncomplicated appendicitis Inflamed appendix without necrosis, gangrene, perforation, or abscess, and with no
peritoneal contamination.

Very low-quality evidence Any estimate of effect is very uncertain.

SUBSTANTIVE CHANGES
Surgery versus antibiotics Four systematic reviews added. [13] [14] [15] [18]  Categorisation changed from 'trade-
off between benefits and harms' to 'likely to be beneficial'.
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harms. We rely on our contributors to confirm the accuracy of the information presented and to adhere to describe accepted practices.
Readers should be aware that professionals in the field may have different opinions. Because of this and regular advances in medical research
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person or property (including under contract, by negligence, products liability or otherwise) whether they be direct or indirect, special, inci-
dental or consequential, resulting from the application of the information in this publication.
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GRADE Evaluation of interventions for Appendicitis.

-

Length of hospital stay, Mortality (from appendicitis), Quality of life, Return to normal activities,Treatment success
Important out-

comes

CommentGRADEEffect sizeDirectness
Consisten-

cyQuality
Type of evi-

denceComparisonOutcome
Studies (Partici-

pants)

What are the effects of surgery compared with antibiotics for acute appendicitis?

Quality points deducted for weak methods (unclear allo-
cation concealment, blinding, and randomisation), un-
certainty of diagnosis, and incomplete reporting of re-
sults; consistency point deducted for significant hetero-
geneity and different outcome measures; directness
points deducted for unclear clinical generalisability (un-
clear if antibiotics used with surgery, no comparison of
optimal therapies, no outcomes beyond 1 year, predom-
inantly males, adults only)

Very low0–2–1–34Surgery versus
antibiotics

Treatment suc-
cess

at least 4 (at least
900) [13] [14] [15]

Quality points deducted for weak methods (unclear allo-
cation concealment, blinding, and randomisation), un-
certainty of diagnosis, and incomplete reporting of re-
sults; directness points deducted for unclear clinical
generalisability (unclear if antibiotics used with surgery,
no comparison of optimal therapies, no outcomes be-
yond 1 year, predominantly males, adults only)

Very low0–20–34Surgery versus
antibiotics

Mortality (from
appendicitis)

5 (at least 900) [15]

Quality points deducted for weak methods (unclear allo-
cation concealment, blinding, and randomisation), and
uncertainty of diagnosis; directness points deducted for
unclear exclusion of trial, and unclear clinical generalis-
ability (unclear if antibiotics used with surgery, no com-
parison of optimal therapies, no outcomes beyond 1
year, predominantly males, adults only)

Very low0–20–34Surgery versus
antibiotics

Length of hospital
stay

at least 4 (at least
821) [13] [14] [15]

Quality points deducted for weak methods (unclear allo-
cation concealment, blinding, and randomisation) and
uncertainty of diagnosis; directness points deducted for
unclear clinical generalisability (unclear if antibiotics
used with surgery, no comparison of optimal therapies,
no outcomes beyond 1 year, predominantly males,
adults only)

Very low0–20–34Surgery versus
antibiotics

Return to normal
activities

at least 3 (at least
491) [13] [15]

We initially allocate 4 points to evidence from RCTs, and 2 points to evidence from observational studies. To attain the final GRADE score for a given comparison, points are deducted or added from this initial
score based on preset criteria relating to the categories of quality, directness, consistency, and effect size. Quality: based on issues affecting methodological rigour (e.g., incomplete reporting of results, quasi-
randomisation, sparse data [<200 people in the analysis]). Consistency: based on similarity of results across studies. Directness: based on generalisability of population or outcomes. Effect size: based on magnitude
of effect as measured by statistics such as relative risk, odds ratio, or hazard ratio.

-
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